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Abstract
Background: It is well established that the pregnancy and the first years of life are important for future childhood
health and body weight. Even though current evidence suggests that both parents are important for childhood
health, the influence that parents’ BMI and socio-demography has on toddlers’ BMI has so far received little
attention. This study aimed to increase our knowledge on the association between toddlers’ and parents’ BMI, in
relation to family socio-demography. Further, the aim was to investigate the interaction between the mothers’ and
fathers’ BMI in relation to their child’s BMI.
Methods: A total of 697 children with a median age of 18 months (range 16-24 months) participated in the study
along with their mothers (n = 697) and fathers (n = 674). As regards representability, our parental sample had a
lower proportion of immigrants and the parents were more gainfully employed compared to parents in the rest of
Sweden (when the child was 18 months old). The parents completed a questionnaire on parental and child health.
Data on parental weight, height, and socio-demographics were recorded along with the child’s weight and height
measured at an ordinary child health care visit. We used the thresholds for children’s BMI that were recommended
for surveillance by the Royal College of Paediatrics and Child Health in 2012 based on the WHO reference
population.
Results: Among the toddlers, 33 % had a BMI above the WHO 85th percentile and 14 % had a BMI above the WHO
95th percentile. The probability of a toddler having a BMI above the WHO 95th percentile was significantly increased
if either the mother or father was overweight (BMI ≥ 25 kg/m2). Furthermore, we found a positive synergistic effect
between the mother and father being overweight and their child having a BMI above the WHO 85th percentile. No
associations were found between the toddlers’ BMI and the family’s socio-demographics, but there were
associations between the parents’ BMI and the family’s socio-demographics.
Conclusion: High BMI is common even in toddlers in this population. The risk increases if one parent is overweight,
and it increases even more if both parents are overweight. The results in this study confirm the importance of
considering familial risk factors when examining child health and BMI at ordinary child health care visits already at
an early age.
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Background
According to the World Health Organization, over-
weight and obesity are the most important public health
threats and are now associated with more deaths world-
wide than underweight [1]. The obesity epidemic varies
between countries, and in high income countries obesity
affects both sexes and all ages but is more prominent in
the most disadvantaged groups [2]. Overweight/obesity
is common among expectant parents, and previous stud-
ies have found overweight/obesity for about 53 % of men
and for about 30 % of women among expectant parents
in Sweden [3, 4]. A clear socioeconomic association was
found with higher odds of being obese the lower the in-
dividual’s social status level, and BMI seems to be corre-
lated within couples [3]. The prevalence of obesity has
also increased among children over the last three de-
cades [5], and about 15 % of 4-year-old children in
Sweden are overweight and 3–4 % are obese [6]. A re-
cent systematic review showed that maternal pre-
pregnancy overweight was associated with childhood
overweight at follow-up at a median age of 6 years
(range 2–14 years) [7]. It is well established that infancy
weight and body composition up to 4 years of age are
important predictors for childhood obesity [8–11]. Chil-
dren with excessive weight, and especially those with a
rapid weight gain early in life, are at risk of adult obesity
[12, 13] and unfavourable health outcomes, especially if
their parents are obese [14]. It has also been found that
BMI at 4 years of age is related to paternal BMI [15].
Current evidence suggests that both parents are import-
ant for childhood health, and parents with poor self-
rated health are more likely to have children with child
health disorders during the first three years of life [16,
17]. However, analysis of childhood obesity prevalence
and investigation of the potential causal associations are
required in order to implement and assess the effective-
ness of different interventions [18].
A BMI ≥ 85th percentile at 2 years of age and at pre-
school age in the US seems to be a powerful predictor of
kindergarten overweight [19]. However, no data for
Swedish toddlers aged 1–2 years are yet available, and
the influences of parental BMI and socio-demography
on toddlers’ BMI already at this early age have so far re-
ceived little attention. The aim of this study was to in-
crease our knowledge on the association between
toddlers’ and parents’ BMI, in relation to family socio-
demography. Further, the aim was to investigate the
interaction between the mothers’ and fathers’ BMI in re-
lation to their child’s BMI.
Method
Study context
The study was conducted in Västerbotten County in
Sweden, which has 260,000 residents and about 3,000
births annually. In Sweden, Child Health Care (CHC) is
free of charge and reaches nearly all children aged 0–6
years. The county has about 40 CHC centres staffed with
child health nurses and family doctors. Each child visits
the CHC centre about 11 times during the first 1½ years
of his/her life and then at 3, 4, and 5½ years of age.
Local data revealing an alarming prevalence of over-
weight and obesity among 4 year olds [20] resulted in
the County Council launching the Salut Child-Health
Intervention Programme [4, 21, 22]. The countywide
programme consists of age-adapted interventions start-
ing with the parents-to-be and continuing to follow the
child up to 18 years of age. The programme includes
epidemiological surveillance.
Study design and data collection
A cross-sectional study design was used. Because the
questionnaire was only in Swedish, those parents who
could not read Swedish were excluded. The question-
naire was implemented gradually in the health care re-
gion to test and implement the questionnaire within
ordinary health care because research was not the main
priority when the data collection started. Data collection
was carried out in those seven CHC centres that suc-
ceeded in implementing the questionnaire. Once the
questionnaire was introduced all parents belonging to
one of these CHC centres received a letter with informa-
tion and a questionnaire, and a request to bring it com-
pleted to the CHC centre at their child’s ordinary health
and development check-up at approximately 1½ years of
age. From the start, all written communication and
questionnaires contained the information normally re-
quired by an ethical board when research is planned.
Among other things, participants were informed that
their returned questionnaires might in the future be
used in research approved by an ethical board and that
they could choose not to fill in the questionnaire with-
out any consequences for the health care they would re-
ceive. The questionnaire covered child and parental
health and living conditions, and height and weight data
were added at the visit. Child health nurses at seven
CHC centres were involved in the data collection from
April 2008 to June 2012. A total of 697 children aged be-
tween 16 and 24 months participated in the study along
with their mothers (n = 697) and fathers (n = 674).
Questionnaire – items and definitions
The parental part of the questionnaire was a shortened
version of a questionnaire used within antenatal health
care since 2008 [4]. Questions on parental self-reported
weight, height, and socio-demographics were duplicated
so that both parents answered the same questions separ-
ately. The child part of the questionnaire contained parent
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reports about the child’s health and living conditions. The
items included in this study are described below.
Socio-demography
Maternal and paternal age (years) and child age (months
and days) were calculated using the date for the check-
up visit for the child at the CHC centre and the birth
dates of the parents and the child.
Parental educational level was categorized as ≤9 years,
11–12 years, >12 years, or university degree based on
the question “What is the highest level of education that
you have completed?” with the following eligible five an-
swers: 1) Less than 9 years of schooling, 2) Compulsory
school or the equivalent of 9 years of schooling, 3) Sec-
ondary school or the equivalent of 12 years of schooling,
4) Post-secondary education, less than three years, and
5) Post-secondary education, three years or more.
Employment status was categorized as employed (in-
cluding self-employed), student, unemployed, on paren-
tal leave, or other (i.e. homemakers, on sick leave, or
retired) based on the question “What is your present
type of occupation?” with the following eligible eight an-
swers: 1) Employed, 2) Student, apprentice, 3) Self-
employed, 4) Doing household work at home (no per-
sonal income), 5) Jobseeker for more than 6 months, 6)
On parental or other leave, 7) Jobseeker for less than
6 months, and 8) On sickness, old age, or disability
benefit.
Family situation was categorized as the child living
with either both parents, alternating between the mother
and father, or living with a single mother. Having or not
having any siblings/half-siblings was based on the ques-
tion “With whom is the child living? (tick one or several
boxes)” with the following eligible answers: Its mother,
Its father, Its siblings/half-siblings, Its stepmother (Its fa-
ther’s new wife/partner), Its stepfather, Alternating be-
tween its mother and father, and Other.
Type of housing was categorized into villa or town-
house area, house outside urban areas, or apartment
based on these three eligible answer alternatives to the
question “What type of housing does your family have?”
Day care was categorized as municipal childcare, at
home with the mother, or at home with the father.
Parental country of origin was categorized as Sweden
or other countries.
BMI for toddlers
The weight and length of the toddler were measured by
the child health nurse at the CHC centre. Children’s
BMI changes considerably between birth and adulthood,
and the thresholds that are used must take into account
the child’s age and sex. For population monitoring in
this age group, the 2nd , 85th, and 95th percentiles of the
WHO Child Growth standard are often used [23, 24],
and in this study these are referred to as WHO 2nd per-
centile, WHO 85th percentile, and WHO 95th percentile.
Parental BMI
BMI was calculated by dividing self-reported body
weight (kg) by height (m2) and categorized for the par-
ents in accordance with the WHO standard [25] as
underweight: ≤18.49, normal weight: 18.50–24.99, over-
weight: 25.0–29.99, and obesity: ≥30.0 kg/m2. Data for
pregnant mothers were excluded in the analysis of BMI.
Statistical analysis
Most analyses were performed using SPSS version 21.
Descriptive results are presented as medians, ranges,
numbers, and percentages. Characteristics of mothers/
girls and fathers/boys were compared using the chi-
square test for categorical data and the Mann–Whitney
test for quantitative data. Thresholds for children’s BMI
were calculated making use of LMS Growth version 2.77
[26], which uses each child’s age in days to obtain as
exact a threshold as possible. Crude and adjusted logistic
regression analyses were used for investigating the asso-
ciations between the toddlers’ BMI group (the
dependent variable) and the parent’s BMI group and
socio-demographic variables (the independent variables).
In the adjusted analyses between toddler BMI and par-
ental BMI, socio-demographic variables with p-values <
0.10 in the crude analyses were included. Results from
the logistic regression analyses are presented as odds ra-
tios (OR) with corresponding 95 % confidence intervals.
Relative excess risk due to interaction (RERI) was calcu-
lated for investigating additive interactions [27] between
the mother’s and father’s reported overweight/obesity in
relation to their child’s BMI status. Positive departure
from 0 of RERI indicates an additive interaction. Statis-
tical significance was defined as p < 0.05.
Comparison of the sample with national data
We used data and selected variables from Statistics Swe-
den—as accessed through the Umeå SIMSAM Lab
(www.org.umu.se/simsam/english/) – in order to check
the representativeness of our study population. We com-
pared certain characteristics (i.e. post-secondary educa-
tion, gainful employment, and country of origin) of the
parents of all children in the country that turned 1½
years old during 2008–2012 with the parents in our
study population.
Ethical considerations
Informed consent was given by the parents, and report-
ing was limited to the group level. Ethical approval was
obtained from the regional ethical review board in Umeå
for the Salut Programme (Dnr 2010-63-31 M) and for
the Umeå SIMSAM Lab (Dnr 2010-157-31Ö).
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Results
Characteristics of the study participants
The median age of the toddlers was 18 months (range
16–24 months), the median age for the mothers was
31 years (range 19–48 years), and the median age for the
fathers was 33 years (range 19–59 years) (Tables 1 and
2). Almost all of the toddlers lived with both parents
(96 %), and half of them had siblings (Table 1). The ma-
jority of the families (59 %) lived in a villa or townhouse,
26 % lived in houses outside urban areas, and 15 % lived
in apartments. The majority of the toddlers had munici-
pal childcare (57 %), one third stayed at home with the
mother, and the rest stayed at home with the father. The
mothers had a higher educational level, while the fathers
were to a greater extent employed. Only a few of the
parents were born outside Sweden (Table 1).
Comparison of the sample with national data
Comparison of our sample with national population data
showed that parental post-secondary education was
similar in both samples (mothers 53 % and 50 %, fathers
39 % and 40 %, respectively). However, gainful employ-
ment was higher among our parents compared to all
parents in the country (mothers 82 % and 72 %, fathers
95 % and 87 %, respectively). The largest difference was
found concerning country of origin as 95 % of our
mothers were from Sweden compared to 78 % among
the mothers from the whole country (data not shown).
BMI for toddlers
BMI was above the 85th percentile for 33.5 % of the tod-
dlers in our sample and above the 95th percentile for
13.9 % according to the WHO reference values (Table 2).
BMI below the WHO 2nd percentile was unusual (0.5 %
of toddlers in our sample). No significant differences
were found between girls and boys in either BMI status
or age (Table 2).
Parental BMI
The median BMI for mothers was 23.2 kg/m2. and the
median BMI for the fathers was 25.4 kg/m2. (Table 3).
Being overweight or obese was common, and there was
a statistically significant difference between the sexes for
weight status with more fathers being overweight or
obese compared to mothers (54 % vs. 31 % accordingly,
p < 0.001) (Table 3). There was a significant within-
couple association concerning BMI group, and the odds
of being overweight or obese increased significantly rela-
tive to the partner’s overweight/obesity (OR = 1.78, CI
1.23–2.58). The odds of being obese if the partner was
obese was even higher – OR = 3.92 (CI 2.00–7.66) –
compared to if the partner was not obese.
Association between parental BMI and socio-
demographics
There were significant associations between parental
BMI and socio-demographics (data not shown). The
mother’s obesity was significantly associated with low
Table 1 Socio-demographic characteristics of families in the study
Socio-demographic
characteristics
Mothers Fathers p-value Families
n = 697 n = 674 n = 697
Educational level, n (%) <0.0011 Family formation, n (%)
≤9 years 41 (6) 21 (3) Both parents 663 (96)
10–12 years 206 (30) 314 (50) Alternating between mother and father 9 (1)
>12 years 118 (17) 88 (14) Single mother 20 (3)
University degree 320 (47) 209 (33) Siblings/half-siblings, n (%)
Employment status, n (%) <0.0011 Yes 355 (51)
No 342 (49)
Employed 439 (66) 552 (86) Type of housing, n (%)
Parental leave 104 (16) 45 (7) Villa or townhouse 404 (59)
Student 47 (7) 19 (3) House outside urban areas 181 (26)
Unemployed 58 (9) 22 (3) Apartment 101 (15)
Other 19 (3) 7 (1) Day care, n (%)
Country of origin, n (%) 0.0861 Municipal childcare 360 (57)
Sweden 649 (93) 639 (95) At home with mother 202 (32)
Other 46 (7) 30 (5) At home with father 68 (11)
Age, median (range) 31 (19–48) 34 (19–59) <0.0012
1Mothers and fathers compared using the chi-square test
2Mothers and fathers compared using the Mann–Whitney test
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education and no employment for mothers and with low
education for fathers. Furthermore, mothers’ over-
weight/obesity was significantly associated with low edu-
cation for fathers, and fathers’ overweight/obesity was
significantly associated with no employment for
mothers.
Associations between the toddler’s BMI and parents’ BMI
Further analysis was performed dividing the families into
the following four groups depending on the BMI cat-
egory for the parents: neither was overweight/obese,
only the mother was overweight/obese, only the father
was overweight/obese, or both were overweight/obese.
Families where neither of the parents were overweight/
obese were 34 % of the total, and families where both of
the parents were overweight/obese were 20 % of the
total (Table 4). Constructing one variable from those
four groups – where the group “neither was overweight/
obese” served as the reference – made it possible to in-
vestigate additive interactions between mother’s and fa-
ther’s overweight/obesity on their child’s BMI status.
The prevalence of toddlers being above the WHO 85th
percentile and having no parent overweight/obese was
28 %, and this prevalence was 47 % if both parents were
overweight/obese (Table 4). Crude logistic regression
analyses showed that the odds for children having a BMI
above the WHO 85th percentile were significantly higher
if both the mother and the father were overweight/obese
(OR 2.47, CI 1.48–4.11) compared to those who had no
parent overweight/obese. Regarding the WHO 95th per-
centile, children in families where at least one of the par-
ents were overweight/obese had significantly higher
odds (OR = 2.40, OR = 2.68, and OR = 2.95) of being
above the threshold compared to those who had no par-
ent overweight/obese (Table 4).
The RERI value was 1.13 in the crude analysis, and
this indicates an additive interaction concerning the
odds of a child having a BMI above the WHO 85th
percentile (Table 4). RERI is here interpreted as the
part of the total OR for a child with both parents
overweight/obese to have a BMI above a threshold
that is due to interaction between the mother and
father (Table 4, Fig. 1).
Associations between toddlers’ BMI and parents’ BMI in
relation to socio-demographics
Crude logistic regression analyses of socio-demographic
variables in relation to the toddler’s BMI status showed
few significant associations. Analyses were performed for
education level, employment status, country of origin,
family situation, siblings, type of housing, parental age,
day care, and child age (in months). In the adjusted ana-
lyses, only country of origin remained significant, al-
though with a large confidence interval. Effects
concerning parent’s BMI group in relation to children’s
BMI status remained (Table 4).
Discussion
Our main finding was that high BMI values are common
already among children aged 16–24 months. A total of
14 % of our sample had a BMI above the WHO 95th per-
centile and the group corresponding to the WHO 85th
percentile made up a total of 33 % of our sample. The
probability of a child having a BMI above the WHO 95th
Table 2 BMI and age of children in the study
Total Girls Boys p-value
n = 697 n = 355 n = 342
(51 %) (49 %)
BMI1, n (%)
<2nd 3 (0.5) 2 (0.6) 1 (0.3) 0.5422,3
2nd – 84th 421 (66.0) 212 (64.4) 209 (67.6)
85th – 94th 125 (19.6) 70 (21.3) 55 (17.8)
95th – 100th 89 (13.9) 45 (13.7) 44 (14.2)
Age (months), median (range) 18 (16-24) 18 (16-24) 18 (16-24) 0.1324
1Weight and height were measured at the child health care centre and were used for calculating BMI in kg/m2
2Girls and boys were compared using the chi-square test
3For calculation of the p-value, the first two BMI categories were merged because of the low numbers of toddlers in the category < 2nd
4 Girls and boys were compared using the Mann–Whitney test
Table 3 BMI of parents in the study
Mothers Fathers p-value3
n = 6321 n = 674
BMI2, n (%) <0.001
Underweight 22 (4) 3 (1)
Normal weight 381 (65) 298 (45)
Overweight 125 (21) 280 (43)
Obesity 55 (10) 72 (11)
BMI2, median (range) 23.2 (16.2–48.4) 25.4 (18.4–54.9)
1Due to pregnancy, 65 mothers were excluded
2Self-reported weight and height were used
3Mothers and fathers were compared by using the chi-square test
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percentile was significantly increased if either the
mother or the father was overweight/obese. We found a
positive synergistic effect between the mother’s and fa-
ther’s reported overweight/obesity and a child having a
BMI above the WHO 85th percentile, i.e. the odds for a
child to have a BMI above the WHO 85th percentile
BMI was considerably higher if both parents were over-
weight/obese than if only the mother or father was over-
weight/obese. No associations were found between the
toddlers’ BMI and parental socio-demographics. On the
other hand, associations between parental BMI and
socio-demographics were found.
The toddlers in our sample had a BMI-status which is
considered high. The prevalence of children with high
BMI depends both on the reference population and the
methodology used for the thresholds [28–30], and major
differences appear before the age of 5 years [28]. In light
of this, it is difficult to compare our prevalence estimates
with results from other countries. There are few data on
the BMI status of toddlers younger than the age of
2 years, and we have therefore chosen not to use the
terms overweight or obesity for the toddlers in our
sample. However, comparing our results with a study of
overweight and obesity in children (2.0–9.9 years) from
Table 4 Associations between parental and child BMI
Parental BMI (within couples) Child BMI above the reference 85th percentile Child BMI above the reference 95th percentile
n (%) n (%) OR (CI) OR (CI) n (%) OR (CI) OR (CI)
n = 553 Crude1 Adjusted1,2 Crude1 Adjusted1,3
Neither overweight/obese 191 (30) 51 (28) 1 1 15 (8) 1 1
Only mother overweight/obese 61 (10) 21 (32) 1.20 (0.62–2.31) 1.26 (0.65–2.47) 11 (17) 2.68 (1.10–6.53) 2.66 (1.09–6.52)
Only father overweight/obese 192 (30) 59 (31) 1.14 (0.72–1.79) 1.11 (0.69–1.78) 32 (17) 2.40 (1.21–4.77) 2.31 (1.15–4.65)
Both overweight/obese 109 (17) 58 (47) 2.47 (1.48–4.11) 2.48 (1.47–4.21) 22 (18) 2.95 (1.40–6.22) 2.85 (1.34–6.06)
RERI 1.13 1.11 −1.13 −1.12
1Crude and adjusted logistic regression was used for the calculation of OR. In the adjusted analyses, socio–demographic variables with p–values <0.10 in the
crude analyses were included
2Analysis adjusted for mothers’ employment, siblings, and mothers’ country of origin
3Analysis adjusted for mothers’ employment and siblings
Fig. 1 Toddler’s relative odds for a BMI above the WHO 85th percentile when mother and/or father were overweight/obese. RERI illustrates the
excess odds when interaction between the mother and father is taken into account
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eight European countries [30] shows that our study sam-
ple has somewhat higher age-specific prevalence values
of BMI status according to the WHO references. The
study with European children reports that the prevalence
of children with BMI above 1 SDS at the age of 2 years
is approximately 26 %. Our study shows that the preva-
lence of children aged 16–24 months with BMI above
the WHO 85th percentile (equal to SDS = 1.036) is 33 %,
which is considered high. Another study with Danish
preschool children [31] used cut-off values for over-
weight or obesity according to the international obesity
task force group [32]. These cut-off values for over-
weight in the age group 2.5-3.5 years correspond to
values around the WHO 95th percentile. The Danish
study showed that approximately 10 % of the children in
the age group 2.5-3.5 years had BMI-values above the
WHO 95th percentile compared to 14 % in our sample.
Recent research shows that fast growth during early
childhood was associated with increased risk for over-
weight later in life, emphasising the importance of early
prevention [33]. Childhood obesity and related risk fac-
tors have been shown to track into adulthood and to
worsen in most individuals [34]. Our findings strengthen
recent research showing the importance of early identifi-
cation and early intervention in children with high BMI
[35–37].
Presence of overweight/obesity among mothers and fa-
thers were significantly associated to the probability of
their child having a BMI above the WHO 95th percent-
ile. Health promotion activities early in life from a family
perspective need to be strengthened by taking into ac-
count parental BMI. Our findings reinforce the idea that
health-promoting interventions should start already dur-
ing pregnancy [4]. The evidence regarding the effective-
ness of parental-support interventions targeting 2–18
year old children’s health behaviours is weak, although
their effectiveness seems to be generally higher in youn-
ger compared to older children [38]. Counselling might
be effective in changing children’s diet, but concerning
body weight group education seems more promising
than counselling. In groups with low socioeconomic sta-
tus group-based methods appear promising [38].
The results in this study thus indicate that the combined
effect of the mothers and fathers overweight/obesity is es-
sential for the toddlers’ BMI, as we found a positive syner-
gistic effect between the mother’s and father’s reported
overweight/obesity and their child having a BMI above the
WHO 85th percentile. This confirm research that shows
the importance of considering childhood health and over-
weight in a family perspective [16] and that there is a risk
of a vicious cycle between generations [39].
The rather rapid rise in obesity over the past four de-
cades stresses the complex role of hereditary, socioeco-
nomic, geographic, and environmental factors that
influence mechanisms of body weight and weight distri-
bution [18]. We could not find any associations between
toddler’s BMI and family’s socio-demographics, but we
did find associations between parents’ BMI and parents’
socio-demographics. This shows that even though we
cannot see a direct connection between family character-
istics and the child’s BMI status in this study, the con-
nection is indirect through the parents. Overall, child
health and development is closely related to socioeco-
nomic factors [40, 41]. Gaps between wealthy and poor
children are becoming wider in some countries, with in-
creased exposure to health risks combined with less re-
sistance to diseases and health problems in those less
privileged [41]. In a recent European study, adverse child
health and developmental outcomes were associated
with key social factors in the community/neighbourhood
as well as in the household [40].
There are few data on the BMI status of toddlers
younger than the age of 2 years which makes this study
distinctive. Strengths of our study were that child weight
and height were measured by experienced child health
nurses within the CHC during ordinary health check-
ups and that the BMI values were calculated using the
WHO Child Growth standards resulting in the exact
weight and length at the time of the investigation. In
addition, there were very few missing values within the
questionnaires. The prevalence of overweight and obes-
ity in our sample of parents was high and, in accordance
with previous data [3, 4].
A weakness in the data collection was that parental
weight and height were self-reported, and a certain
underestimation of weight can be expected [42]. The
prevalence of children with high BMI depends on the
reference population, and a higher prevalence of over-
weight/obesity is often observed using the WHO refer-
ence values [29, 30], which might overestimate the
number of children with high BMI status in this study.
Another limitation of the study was that those parents
who could not read Swedish were excluded as the ques-
tionnaire was only in Swedish, which probably contrib-
uted to the lower proportion of immigrants in the study
group. Further, the data material in this study consists
mainly of categorical variables, and small numbers for
some categories means that the power in certain ana-
lyses might be low. This makes it hazardous to draw
strong conclusions about the non-significant relation-
ships between toddlers’ BMI and families’ socio-
demography.
It is difficult to describe the response rate in this sample
because research was not the main priority when the data
collection started within ordinary health care and because
the implementation of the questionnaire was performed
gradually. The Umeå SIMSAM Lab (www.org.umu.se/
simsam/english/) was used to access data from the whole
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Swedish population as a comparison to our sample. In our
sample, more parents were gainfully employed compared
to the rest of Sweden (when the child was 1½ years old),
and our sample had a lower proportion of immigrants.
Therefore, one can assume that our study parents were
more privileged and had higher living standards and there-
fore would have a somewhat lower BMI compared with the
rest of Sweden because overweight/obesity is more com-
mon among the most underprivileged groups [3, 4].
Conclusions
In this population, high BMI values are common already
among toddlers. The risk increases if one parent is over-
weight or obese and increases even more if both parents
are affected. Thus our results highlight the importance of
considering familial risk factors when examining the child’s
health and BMI at ordinary CHC visits already at an early
age. The WHO European review of social determinants of
health emphasizes the need for action on social determi-
nants of health across the life course, and it recommends
that the highest priority be given “to ensure a good start to
life for every child” [43]. The Strategic Development Office
and its Public Health Unit and the Child Health Care Unit
in the Västerbotten County Council of Sweden are now
working together towards phasing in psychosocial health
surveillance countywide for 3 year olds, together with data
on lifestyle and BMI, as well as a group-based parental sup-
port program. By placing children’s health and BMI within
a life course and family perspective, this continuous data
collection will provide a unique resource for further re-
search on childhood health and obesity that will begin to fill
in the remaining knowledge gaps [18]. The on-going
county-wide implementation of a parental support program
targeting health behaviours might likewise be helpful to
prevent overweight and obesity, especially for parents with
low socioeconomic status [38].
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ML, EE, and AI designed the study. ML conducted the analyses, and ML and
EE drafted the manuscript. EE, AI, and SAS were involved in data collection.
All the authors (ML, AI, SAS, and EE) contributed to the writing process and
approved the final manuscript.
Acknowledgements
Our thanks go to all personnel involved in the data collection, the
participating parents and children, and the Salut Programme team. The
study was undertaken within the Forte Centre for Global Health Research at
the Medical Faculty of Umeå University. The Umeå SIMSAM Lab data
infrastructure used in this study was developed with support from the
Swedish Research Council and by strategic funds from Umeå University.
Author details
1Department of Public Health and Clinical Medicine, Epidemiology and
Global Health, Umeå University, SE 901 87 Umeå, Sweden. 2Department of
Statistics, USBE, Umeå University, SE 901 87 Umeå, Sweden. 3Department of
Clinical Science, Paediatrics, Umeå University, SE 901 87 Umeå, Sweden.
Received: 20 May 2015 Accepted: 11 December 2015
References
1. World Health Organization. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. World Health Organ Tech Rep Ser.
2000;894:i – xii, 1–253.
2. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML,
et al. The global obesity pandemic: shaped by global drivers and local
environments. Lancet. 2011;378(9793):804–14.
3. Edvardsson K, Lindkvist M, Eurenius E, Mogren I, Small R, Ivarsson A. A
population-based study of overweight and obesity in expectant parents:
socio-demographic patterns and within-couple associations. BMC Public
Health. 2013;13(1):923.
4. Eurenius E, Lindkvist M, Sundqvist M, Ivarsson A, Mogren I. Maternal and
paternal self-rated health and BMI in relation to lifestyle in early pregnancy:
the Salut Programme in Sweden. Scand J Public Health. 2011;39(7):730–41.
5. Han JC, Lawlor DA, Kimm SYS. Childhood obesity. Lancet. 2010;375(9727):
1737–48.
6. Bergström E, Blomquist HKS. Is the prevalence of overweight and obesity
declining among 4-year-old Swedish children? Acta Paediatr Oslo Nor 1992.
2009;98(12):1956–8.
7. Weng SF, Redsell SA, Swift JA, Yang M, Glazebrook CP. Systematic review
and meta-analyses of risk factors for childhood overweight identifiable
during infancy. Arch Dis Child. 2012;97(12):1019–26.
8. Druet C, Stettler N, Sharp S, Simmons RK, Cooper C, Smith GD, et al.
Prediction of childhood obesity by infancy weight gain: an individual-level
meta-analysis. Paediatr Perinat Epidemiol. 2012;26(1):19–26.
9. Stocks T, Renders CM, Bulk-Bunschoten AMW, Hirasing RA, van Buuren S,
Seidell JC. Body size and growth in 0- to 4-year-old children and the
relation to body size in primary school age. Obes Rev Off J Int Assoc Study
Obes. 2011;12(8):637–52.
10. Andersen LG, Holst C, Michaelsen KF, Baker JL, Sørensen TIA. Weight and
weight gain during early infancy predict childhood obesity: a case-cohort
study. Int J Obes 2005. 2012;36(10):1306–11.
11. Jensen SM, Ritz C, Ejlerskov KT, Mølgaard C, Michaelsen KF. Infant BMI peak,
breastfeeding, and body composition at age 3 y. Am J Clin Nutr. 2015;
101(2):319–25.
12. Baird J, Fisher D, Lucas P, Kleijnen J, Roberts H, Law C. Being big or growing
fast: systematic review of size and growth in infancy and later obesity. BMJ.
2005;331(7522):929.
13. Monteiro POA, Victora CG. Rapid growth in infancy and childhood and
obesity in later life—a systematic review. Obes Rev Off J Int Assoc Study
Obes. 2005;6(2):143–54.
14. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity in
young adulthood from childhood and parental obesity. N Engl J Med. 1997;
337(13):869–73.
15. Ohlund I, Hernell O, Hörnell A, Stenlund H, Lind T. BMI at 4 years of age is
associated with previous and current protein intake and with paternal BMI.
Eur J Clin Nutr. 2010;64(2):138–45.
16. Coneus K, Spiess CK. The intergenerational transmission of health in early
childhood—evidence from the German Socio-Economic Panel study. Econ
Hum Biol. 2012;10(1):89–97.
17. Freeman E, Fletcher R, Collins CE, Morgan PJ, Burrows T, Callister R.
Preventing and treating childhood obesity: time to target fathers. Int J Obes
2005. 2012;36(1):12–5.
18. Orsi CM, Hale DE, Lynch JL. Pediatric obesity epidemiology. Curr Opin
Endocrinol Diabetes Obes. 2011;18(1):14–22.
19. Flores G, Lin H. Factors predicting overweight in US kindergartners. Am J
Clin Nutr. 2013;97(6):1178–87.
20. Blomquist HK, Bergström E. Obesity in 4-year-old children more prevalent in
girls and in municipalities with a low socioeconomic level. Acta Paediatr
Oslo Nor 1992. 2007;96(1):113–6.
21. Edvardsson K, Garvare R, Ivarsson A, Eurenius E, Mogren I, Nyström ME.
Sustainable practice change: professionals’ experiences with a multisectoral child
health promotion programme in Sweden. BMC Health Serv Res. 2011;11:61.
22. Edvardsson K, Ivarsson A, Garvare R, Eurenius E, Lindkvist M, Mogren I, et al.
Improving child health promotion practices in multiple sectors - outcomes
of the Swedish Salut Programme. BMC Public Health. 2012;12:920.
23. Dinsdale H, Ridler C, Ells L. A simple guide to classifying body mass index in
children. Oxford: National Obesity Observatory; 2011.
Lindkvist et al. BMC Public Health  (2015) 15:1252 Page 8 of 9
24. WHO Multicentre Growth Reference Study Group. WHO Child Growth
Standards based on length/height, weight and age. Acta Paediatr Oslo Nor
1992 Suppl. 2006;450:76–85.
25. Global Database on Body Mass Index [Internet]. Available from: http://apps.
who.int/bmi/index.jsp?introPage=intro_3.html.
26. Pan H, Cole TJ. LMSgrowth, a Microsoft Excel add-in to access growth
references based on the LMS method. Version 2.77. http://www.
healthforallchildren.co.uk/; 2012.
27. Knol MJ, VanderWeele TJ, Groenwold RHH, Klungel OH, Rovers MM,
Grobbee DE. Estimating measures of interaction on an additive scale for
preventive exposures. Eur J Epidemiol. 2011;26(6):433–8.
28. Rolland-Cachera MF. Childhood obesity: current definitions and
recommendations for their use. Int J Pediatr Obes IJPO Off J Int Assoc Study
Obes. 2011;6(5-6):325–31.
29. Monasta L, Lobstein T, Cole TJ, Vignerová J, Cattaneo A. Defining
overweight and obesity in pre-school children: IOTF reference or WHO
standard? Obes Rev Off J Int Assoc Study Obes. 2011;12(4):295–300.
30. Ahrens W, Pigeot I, Pohlabeln H, De Henauw S, Lissner L, Molnár D, et al.
Prevalence of overweight and obesity in European children below the age
of 10. Int J Obes. 2014;38(S2):S99–107.
31. Larsen LM, Hertel NT, Mølgaard C, Christensen R, Husby S, Jarbøl DE.
Prevalence of overweight and obesity in Danish preschool children over a
10-year period: a study of two birth cohorts in general practice. Acta
Paediatr. 2012;101(2):201–7.
32. Cole TJ. Establishing a standard definition for child overweight and obesity
worldwide: international survey. BMJ. 2000;320(7244):1240–0.
33. Thorén A, Werner B, Lundholm C, Bråbäck L, Silfverdal S-A. A rapid growth
rate in early childhood is a risk factor for becoming overweight in late
adolescence. Acta Paediatr. 2015;104(11):1138-43.
34. McCrindle BW. Cardiovascular consequences of childhood obesity. Can J Cardiol.
2015;31(2):124–30.
35. Wickham EP, DeBoer MD. Evaluation and Treatment of Severe Obesity in
Childhood. Clin Pediatr (Phila). 2015;0009922814565886.
36. Peirson L, Fitzpatrick-Lewis D, Morrison K, Warren R, Ali MU, Raina P.
Treatment of overweight and obesity in children and youth: a systematic
review and meta-analysis. Can Med Assoc Open Access J. 2015;3(1):E35–46.
37. Endevelt R, Elkayam O, Cohen R, Peled R, Tal-Pony L, Grunwald RM, et al. An
intensive family intervention clinic for reducing childhood obesity. J Am
Board Fam Med. 2014;27(3):321–8.
38. Kader M, Sundblom E, Elinder LS. Effectiveness of universal parental support
interventions addressing children’s dietary habits, physical activity and
bodyweight: A systematic review. Prev Med. 2015;77:52–67.
39. Murrin CM, Kelly GE, Tremblay RE, Kelleher CC. Body mass index and height
over three generations: evidence from the Lifeways cross-generational
cohort study. BMC Public Health. 2012;12(1):81.
40. Pillas D, Marmot M, Naicker K, Goldblatt P, Morrison J, Pikhart H. Social
inequalities in early childhood health and development: a European-wide
systematic review. Pediatr Res. 2014;76(5):418–24.
41. Victora CG, Wagstaff A, Schellenberg JA, Gwatkin D, Claeson M, Habicht JP.
Applying an equity lens to child health and mortality: more of the same is
not enough. Lancet. 2003;362(9379):233–41.
42. Connor Gorber S, Tremblay M, Moher D, Gorber B. A comparison of direct
vs. self-report measures for assessing height, weight and body mass index:
a systematic review. Obes Rev Off J Int Assoc Study Obes. 2007;8(4):307–26.
43. Marmot M, Friel S, Bell R, Houweling TA, Taylor S. Closing the gap in a
generation: health equity through action on the social determinants of
health. Lancet. 2008;372(9650):1661–9.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Lindkvist et al. BMC Public Health  (2015) 15:1252 Page 9 of 9
